Because his father was a very busy professional man and his mother much engaged in the social side of his practice Travers as a child was left very much in the charge of nurses. As was then customary amongst the professional classes he was taught by governesses from the age of five until, at seven and a half, he was sent to school at Ramsgate. At the age of eleven he went to a school at Woking, and, a year later, to Blundells School at Tiverton. Blundells was then developing into a public school and as early as 1882 a good chemistry laboratory had been installed. Travers at school showed an early enthusiasm for science and at the end of his third year, having passed to the modern side, won the Fifth Form chemistry prize and the Form prize. Since the Sixth Form was entirely classical he remained in the Fifth until he left the school two years later to enter University College, London (1889). At that time there were very few scholarships available and his father paid all his expenses till after graduation. Travers has written of his early days at University College 'the course for a degree in science opened with what may be called an educational period, during which the student attended lectures and practical classes in chemistry, physics, zoology, botany and pure and applied mathematics. In the final degree course there were three subjects for the Pass degree, in any one or more of which one might sit an Honours examination a few weeks later.' He goes on to say that 'in Ramsay's laboratory the number of students was small, and after the first year, when time permitted only of taking the course in what was described as "test tubing" for the Intermediate examination, the training was highly personal, and very unsystematic. After a short course in quantitative 302
methods of analysis, the student was set a series of problems, under the personal guidance of one of the staff. Each student was supposed to know what his fellows were doing. Nearly all the students were working in one large laboratory, seniors and juniors mixed together so that comparatively junior students came early into contact with research work. The system worked excellently in a small school under leaders such as Ramsay and Collie. ' At the time of his studentship the chemical world was in a state of unrest. For many years progress had been made mainly in the realm of organic chemistry. In the regulations for the Degree in Honours in Chemistry at the University it was laid down that the examination should be 'mainly in organic chemistry'. But turmoil had been created by the publication in the late eighties of the results of the investigations of Arrhenius and van't Hoff, and the formation of a school of which the prophet was Ostwald of Leipzig. From Ostwald's laboratory young British chemists were returning to propagate the new views, or heresies as they were commonly regarded, as to the nature of solutions. A new branch of chemistry-physical chemistry-was being born and was rapidly extending its scope beyond the field of solutions. Ramsay, on account of his work on pv/ T relationships, could already have been classed as a physical chemist had the word been coined, and he became an adherent of the Arrhenius-van't Hoff school, and a very close friend of Ostwald. However, he was one of the few adherents to the new faith, and Travers records 'had I mentioned ionic dissociation in one of my Honours examination papers in the year 1893, it would not have been reckoned in my favour ' .
But during his studentship, the tide was still flowing in favour of organic chemistry, and under the imaginative guidance of Norman Collie, then Assistant Professor, Travers intended to adopt that branch for specialization. In the meantime he carried out a minor research with Dr R. T. Plimpton, on the metallic derivatives of acetylene. At that time acetylene was made by drawing the fumes of a bunsen burner, which was 'burning back', through ammonical cuprous chloride, collecting the cuprous acetylide, and treating it with acid. Seeing a paper by Macquenne, where it was stated that barium carbide had been made by heating barium oxide with magnesium dust and carbon, Travers had the idea of making calcium carbide by heating together calcium chloride, carbon, and sodium. He obtained large quantities of the carbide, and found it to be an excellent source of acetylene. He described the experiment in a paper with the title, 'The preparation of acetylene from calcium carbide' (1) .* This paper anticipated the work by Moissan by some months, and was a bar to patenting the action of water on calcium carbide, which rapidly developed as an important industry. It brought nothing to Travers and as papers relegated to the Proceedings of the Chemical Society were not even mentioned by title in the Society's Abstracts, the paper has generally been overlooked. Later, he published, with Dr R. T. Plimpton, an account of his work on the acetylides (2).
Having taken his B.Sc with Honours in Chemistry in November 1893, Travers was advised by Professor Ramsay to specialize in organic chemistry and went to study with Professor A. Haller at Nancy. He carried out research with Haller on the reactions of phenyl isocyanate with hydroxy acids. He did not agree with Haller as to the nature of the substances formed; was not interested in the work, and at the end of the summer of 1894 was offered the paid appointment of demonstrator in Professor Ramsay's laboratory. Ramsay's staff at that time consisted of an Assistant Professor, J. Norman Collie, A. M. Kellar and Travers, all paid by the Professor personally and holding appointments at his good will. The Assistant Professor's salary was about £175 p.a. and the demonstrators received £50 p.a. each, out of which they were expected to pay their own research expenses.
During the summer of 1894 Ramsay had carried out the work which led on his part to the discovery of argon. Travers arrived at the laboratory at this critical time and in his books he records that the first words Ramsay said to him were, 'Well, it's a new element.' The work was fully reported in a paper read to the Royal Society in January 1895 and in March of that year Ramsay discovered helium. Travers was then doing organic research with Collie and both were on holiday in Scotland when they received a summons from Ramsay to return and join him in working out the properties of the new gas. In June a paper entitled 'Helium, a constituent of certain minerals' (3) was published under their joint names.
From that time, and until the end of the summer of the year 1900, Travers worked continuously with Ramsay in the search for the missing element, or elements, which the Periodic Law indicated should exist. These researches led to many side investigations, some joint activities and others being Travers's independent work. Amongst the latter he attempted to fractionate helium by absorption by the platinum splashed on the walls of a Pluckner tube (4). The result was negative. He also carried out experiments on the origin of gases evolved on heating minerals, meteorites, etc. (5). It was in the course of this work that he developed many of the techniques for the handling and analysis of gases so ably described in his book The experimental study of gases published in 1902 (20).
In May 1898 when examining the chemically active residue attained by evaporating liquid air, Ramsay and Travers found that its spectrum showed strong yellow and green lines, indicating that it contained a new gas. The gas was mainly argon, but the presence of the new gas which they called 'krypton' was established by density determinations. A paper on the subject was read before the Royal Society on 9 June 1898 (11). Travers records that 'the experiment which led to the discovery of krypton was really an incident in an investigation which we had planned to determine whether the gas which should fill the place in the Periodic Table between helium and argon, was present in the air, but in quantity too small to separate by the methods previously employed. We had made 15 litres of argon, and were proposing to liquefy it by means of liquid air, a supply of which had been promised by Dr W. Hampson and Mr K. S. Murray of the British Oxygen Company, Limited. A small quantity of liquid air, brought to the College by Dr Hamp son before we were ready to carry out the liquefaction of the argon, led to the experiment referred to. A few days after the discovery of krypton, the large quantity of argon was liquefied, the most volatile fraction of the vapour was collected, and the gas was found to have a density of 14-67, that of argon being 19-94. The glow from a Pluckner tube filled with it was a brilliant crimson. It contained some argon, but it seemed to be certain that it consisted largely of the missing member of the Periodic Series, which should have a density 10. It was called neon. The discovery was communicated to the Royal Society on 16 June 1898 (12).
'Further examination of liquid air residues showed that they contained, besides argon and krypton, a very small quantity of a gas which was practi cally non-volatile at -180 °C, and which, for this reason, could be obtained pure without difficulty. Like the other rare gases, it had a characteristic line spectrum. It was called xenon. The discovery of xenon was published in a note to the meeting of the British Association in September 1898 (14) .
'The separation of the five rare gases, and the determination of their properties occupied the next two years. The separation of krypton and xenon was laborious, as it involved the collecting of large quantities of liquid air residues, separating the inactive constituents, and subjecting them to liquefaction and fractional distillation. By the middle of 1899 sufficient quantities of the pure gases had been collected for the determination of their important physical properties, though the quantity of xenon available never exceeded about 3 ml. The observed values of the densities were, krypton 40-75, xenon 64-0, and the gases being monatomic, the corresponding values of the atomic weights were 81-5 and 128. The preparation of pure neon proved much more difficult. In September 1898 it had been found that the supposed neon-argon mixture from the large quantity of argon con tained not only argon and neon, but also helium. Many methods of separat ing the mixture were attempted, the difficulty being, that, if much neon and helium were present in it, the gas could not be liquefied at the lowest temperature attainable by means of liquid air. The addition of oxygen, and other gases, made it possible to liquefy the mixture; but the most volatile fraction always contained as much helium as neon.5 It was clear that one possible method of separating the mixture was by cooling to a temperature at which it liquefied and this demanded the use of liquid hydrogen. Dewar (1895) had claimed to have liquefied hydrogen but no description of his apparatus has been published. Travers therefore set out to liquefy hydrogen with the limited resources of a small compressor, a small Hampson air liquefier and £50 to cover all additional expenditure. With the help of the laboratory mechanic who carried out the connecting work Travers built the whole of the equipment himself and after a simple trial the apparatus operated successfully and produced enough liquid hydrogen (60 ml.) to liquefy and fractionate the helium-argon mixture (16). The full description of the liquefied hydrogen is to be found in The experimental study of gases (20, 22). The neon was found to have a density close to that anticipated and this piece of work completed the investigation of the rare gases (15).
The strain of the previous two years' unbroken work on the rare gases had its eff ect on Travers's health and he had a serious breakdown. In the autumn of 1898 he returned to the College to act as Professor in Ramsay's absence in India but he was not able to take up research again for the next eighteen months.
Travers continued investigations at low temperatures, and in conjunction with George Senter and Adrien Jaquerod he carried out a series of investiga tions on the pvIT relations of hydrogen and helium between 0 and 100 °C at constant volume and subsequently determined the temperatures corre sponding to the vapour pressure of liquid oxygen and of liquid and solid hydrogen on the constant-volume hydrogen and helium scales. This was the first attempt which had been made to measure low temperatures accurately.
In 1904 Travers was appointed Professor of Chemistry in University College, Bristol, a post which he held for two-and-a-half years. He re-erected his liquid hydrogen apparatus there but never used it, although he installed duplicates in the Chemistry Department of the University of Bonn, and in Lord Blythwood's private laboratory near Glasgow. In 1903 he took his liquefier to Berlin and using compressed hydrogen from cylinders made liquid hydrogen for the first time in Germany. He demonstrated this at the Congress of Applied Chemistry. The original hydrogen liquefier is now in the Science Museum, South Kensington.
When Travers went to Bristol he was under the impression that the College authorities were proposing to follow those of the other University Colleges in the country in taking steps to obtain a University Charter. When he found that this was not the case he at once took up the promotion of the university scheme as a matter of great urgency. His long association with Sir William Ramsay, who had a profound knowledge of university adminis tration, fitted him to take a lead in this matter and the subject soon absorbed much of his time. He became Secretary to the committee of Senate and Council of the College concerned with this project; he wrote a pamphlet on the need for a university and the principles to be observed in its constitution. This pamphlet had a wide circulation and Travers enlisted both local and national support for his proposals. He visited all the modern universities, made contact with public men, and by 1906 the university movement had reached the stage when a considerable sum of money had been collected. A site had been acquired and a representative committee had been formed of which Travers was elected Secretary. His enthusiasm was in no small measure responsible for the movement which culminated in the offer by H. O [1901] [1902] . He went there in an advisory capacity to the Government, and it was agreed between Mr Tata, the Government of India and the Government of Mysore, who supported the project financially, to start a nucleus of scientific and technical departments which would develop on the lines of the Imperial College of Science and Technology. However, Travers in trying to carry out his commission soon found himself in conflict with the Tata family, largely as a result of interpretation of clauses in the will of Mr Tata. After consider able delay in beginning construction of the Laboratory because of dissension amongst the members of the governing body, the Institute was finally brought into being in June 1911 with four departments, General, Organic, Applied Chemistry and Electrical Engineering. A good beginning was made but difficulties arising from the conflicting interests of the governing body continued. Travers retired at the end of the term of his appointment in 1914. The Institute continued to develop along the lines he had laid down and much credit is due to him for his wisdom, far-sightedness and thorough ness in planning the laboratories.
Travers had little opportunity for doing research work at Bangalore but in collaboration with his research students, N. M. Gupta and R. C. Ray, he discovered a new and interesting group of compounds of boron, hydrogen and oxygen. A paper dealing with this work was submitted to the Royal Society in 1914 and rejected. Travers, however, was so confident of the work that he published the paper in pamphlet form (25). The difficulty with the referees was that in trying to assign a structure to these compounds it was necessary to assume that boron was tetravalent and at that time there seemed to be no fundamental objection to doing so. The difficulties over the structure of the boron-hydrogen compounds have only been resolved in recent years and it is interesting that in 1945 in a letter to Professor T. J. Gray (a former research student of Travers and now Professor of Chemistry at Alfred University, New York), Travers writes, 'I believe that the chemistry of boron is the most important subject at the moment, together with the new aluminium compounds. My own view is that boron and aluminium take one into a region where it is not so much that valency theory breaks down but that we are no longer able to represent our ideas by means of ordinary solid geometry. We have to face the fact that C2H 6, B2H 6 and A12(CH3)3 are so similar that you can't account for the existence of the first of them by assum ing a mechanism which you deny to the other two.' How closely this state ment anticipated recent work! Travers arrived back in England in the middle of July 1914 with two years' leave on retirement. However, the outbreak of war soon modified his plans for returning to university work and he joined the firm of Baird & Tatlock who were then faced with the urgent problem of producing scientific glassware, glass tubes, etc. He immediately got things moving and glass furnaces were built in a Walthamstow factory and technical glass production began in 1915. The activities developed and before the end of the war the Company were making all kinds of scientific glassware and sales amounted to £4000 a month. The cost of experimental work and development work in a new field were so heavy that the Company made no profit, and with the cancellation of Government orders at the end of the war together with the flood of importation from abroad, without protection, Travers decided to cut his losses and leave the business. His personal loss was not large and his work was an important contribution to the war effort.
Travers was an original member of the Society of Glass Technology, later President and lastly an Honorary Fellow. He published a number of papers in the Society's journal and a general account of his work on glass during the war was given to the Society of Chemical Industry at the annual meeting in 1918 (29).
Travers made a further contribution to the war effort when in 1915, in collaboration with Mr Baird, he was asked by the War Office to undertake the setting-up of a factory for the filling of hand grenades with a poisonous liquid. The filling of the grenades was commenced in 1915 and the factory was subsequently taken over by the War Office.
In 1920 he founded (with F. W. Clark) the firm of Travers & Clark Ltd. with the object of undertaking the construction of furnaces, particularly for glass melting, and of chemical engineering plant. After the construction of a number of glass furnaces attention was turned to the water-gas process and the gasification of coal. The latter projects led to a good deal of research and many of the results were published (30, 31, 32, 33). Two plants for the gasification of coal were being built at the time of the general strike in 1926 and the unavoidable delay in the work, the death of his partner and the stringency of the financial position led to the abandonment of this enterprise.
The In 1927 he returned to Bristol as Honorary Professor, Research Fellow and Reader in Applied Chemistry. As Reader in Chemistry he was required to deliver some lecture courses. To undergraduates he gave three lectures on the rare gases. These talks were exciting, enthralling and inspiring to the young student who heard the whole story, both historical and scientific, from the inside. For a few years he also gave a postgraduate course to research students on plant design and applied chemistry, but this course was discon tinued because the research students were not particularly interested in the study of technical problems.
In Bristol, Travers soon developed a lively research group largely devoted to the study of the thermal decomposition of organic vapours. He expanded and developed the methods of gas analysis which had been so successfully applied in his early researches. His approach to the study of molecular stability was that of the investigation of thermal changes by making a complete analysis of the contents of the reaction vessels after successive time intervals. He devised methods (43) for introducing accurately measured quantities of vapours into reaction vessels heated to the reaction temperature and removing the products of reaction without loss or time lag. In this way he studied in detail the thermal decomposition of ethane (39), propane (41), tetramethyl methane and methylamine in silica vessels. His last scientific paper (51) on the thermal decomposition of the lower paraffin hydrocarbons and of paraffin-olefin-hydrogen mixtures and of similar systems and com pounds really summarizes his work. These experiments led to conclusions which appeared contrary to the views held by many chemists. He did not agree with the generally accepted view that the decomposition of hydro carbons was initiated by free radicals and carried forward by a chain mechanism. He interpreted his results in terms of the simultaneous recur rence of two distinct processes: ( a) one which le olefin only, which may have involved free radicals, and ( a second stage which he considered the more important and which did not require free radicals. His belief that pressure measurements and similar methods, which did not employ the method of detailed analysis, were not reliable as a means of measuring chemical change was ill-founded, and led him into conflict with many distinguished scientists.
In 1937, on reaching the age of sixty-five Travers retired officially from his university post, although he continued to carry out scientific work until the outbreak of the second war when he joined a research group under Professor W. E. Garner and Professor E. L. Hirst at the University of Bristol working for the Armament Research Department of the Ministry of Supply. He became a consultant to the Explosives Section of the Ministry which he joined in February 1940, a few days after his sixty-eighth birthday. He remained attached to the Ministry until the end of the war in August 1945. His work involved visiting explosives factories and advising on technical problems concerning the manufacture of explosives and propellants. This meant continuous travelling and long hours of work. He designed and developed plant for the concentration of sulphuric acid and advised on the supply of fuels to the Ordnance Factories. During this period he acted as Chairman of the Cordite Manufacture Committee.
In 1945 he returned to Bristol again and took up a post on the staff' of the National Smelting Company, Ltd, Avonmouth. He maintained a close association with this company long after he had left Bristol and had retired to Stroud.
Travers's last major work was the publication in 1956 of life of Sir William Ramsay, K.C.B., F.R.S. As we have already seen Travers was admirably equipped to write this scientific biography having been associated with Ramsay in the discovery and isolation of three of the five permanent rare gases. He knew the story from the inside. In 1928 he had, with the aid of Ramsay's notebooks lent to him by Lady Ramsay, completed a vivid account of this work in his Discovery of the rare gases. Then, when Lady Ramsay died in 1937, she left a large collection of Ramsay's letters and other papers, which her daughter, Lady Tidy, presented to Professor Travers. These letters together with other material collected by Travers were collated together, annotated and bound into twenty-four volumes which were presented by Lady Tidy and Professor Travers to the Library of University College, London. This material, much of which had not been published previously, provided the basis for this new and authoritative biography. The outcome was a book which is not only a vivid yet critical human biography but also an informative contribution to scientific history. Sir Christopher Ingold in his review of the book ( N a t u r e, Lond. 178, 1418 (1956) wrote 'as scientific dra it is enthralling; as scene and portrait painting, vivid; and yet as history, which is fully and cogently documented, it is thorough; while the scientific descriptions, as one would expect, are technically precise. In this volume, written by Professor Travers between his eighty-first and eighty-third birth days, with all the strength and style of a man in his prime, we find a remark able combination of high literary merit, good history and good science. ' The outstanding thing about Travers, which remains in the minds of all who knew him, was his enthusiasm for whatever he engaged in whether it be his science, university affairs or extra-mural activities. This remained undiminished until his death and long after he had given up active labora tory work he still maintained a lively interest in research in gaseous reactions and in particular in the work of one of his former research students, Dr. C. G. Silcocks, who was Head of the Chemistry Department at Gloucester Technical College and not far from Travers's home at Stroud. Travers was a great letter writer and all his former colleagues, students and friends were always kept well informed of his activities and all the details of his research at the time when he was working at the bench. His Christmas card was always accompanied by a long and interesting letter. His greatest delight was in the exercise of experimental skill; he was amazingly good both as a glass-blower and in the workshop, and he was extremely competent in the use of machine tools. All his research students were expected to do all their own glass construction and most other jobs now usually handed out to mechanics, and under Travers's instruction they became good practical workers. He could do all that he expected of any one else and was always ready to demonstrate an experimental operation.
Travers was well above average stature and was a very vigorous and active man. He found it difficult to relax in the laboratory and was forever on the move either attending to his own experimental work or helping others. To him every new result was a discovery, something exciting and to be talked about and discussed with his colleagues. He was fond of telling of his early days at University College. The excitement of this period lived vividly with Travers for sixty years and he never tired of recalling the steps which led to the discovery of the inert gases. Ramsay was his idol and he often referred to him as 'A man of the science and craft of chemistry, and one who developed techniques to meet all the needs of his investigations.' Travers was a capable administrator; liked things done quickly and was not very tolerant of inefficiency. During the later Bristol period he never had any secretarial assistance and although a prolific correspondent he typed all his own letters and his publications.
He had a great zest for work and in his dealing with technological prob lems had the remarkable faculty of being able to put his finger on the source of trouble. It was amazing to see him during the second world war, when he was then in his seventies, travelling all over the country-fully equipped with flasks of hot coffee and foot warmer and usually at night-to tackle the problems of the widely scattered Ordnance Factories. In this period he was a wonderful example to the younger scientists and technologists in his untiring enthusiasm for work.
Outside the laboratory his interest lay in his family and in music. He had a great knowledge and love of travel and in his younger days spent much time in mountain walking in Europe. He had a wide circle of friends and was fond of entertaining: research students and his University colleagues were always welcomed to his home.
Travers was a well-known figure at scientific gatherings and although not an outstanding lecturer he was at his best when introducing and explaining some new idea he was developing. Societies and committees made many calls upon his time. He was President of the Faraday Society (1936) (1937) (1938) , and served for many years on the Council of the Institute of Fuel, of which he became a Vice-President. He was President of the Society of Glass Tech nology (1921) and later an honorary fellow of the Society. He was elected a Fellow of the Royal Society in 190^ and at the time of his death was the senior F.R.S.
In 1909 Travers married Dorothy, younger daughter of Robert J. Gray of London and of Melbourne, Australia, who survives him. Mrs Traverswho is a sister of the late Professor Robert Whytlaw-Gray, F.R.S.-and her sister were talented musicians and linguists and her brother Harold G. Gray is a well-known water colour artist. 
